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(54) A method of reducing echo in a digital switching system and a digital hybrid therefor 

(57) A method and digital hybrid circuit apparatus is disclosed for connecting a near end subscriber to a far 
end subscriber with the near end subscriber providing a digital input signal V s which undesirably contains 
an interfenng echo signal e(T). This signal is transmitted to a connected far end subscriber which far end 
subscriber provides a far end digital input signal V nx for reception by the near end subscriber. In order to 
eliminate the echo signal, first H A (f) and second H B (f) programmable coefficient digital filters have an input 
to receive the far end digital signal with the outputs of the filters coupled to an input of an adder 12 16 
with one input of each adder to receive the near end input signal, means 20 is provided for programming 
each of the filters with a different set of coefficients and logic means 25 are coupled to the output of the 
adders for comparing the average power output of each of the adders and means for selecting that filter 
and adder which provides the lowest value of average power and to employ those coefficients in filter H if) 
to thereby provide an output signal to be transmitted to the far end subscriber which contains a minimum 
level of the interfering echo signal. 
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SPECIFICATION 

A method of reducing echo in a digital switching system and a digital hybrid therefor 

^ r h!hriVr enti0n re,at6 f ^ te,e P hone line cir ^its in general and more particularly to a 5 
digital hybrid for use in a telephone line circuit. ' a ° 

with the advent of digital exchanges in the local telephone network, there is a need for better 
and more accurate balancing of the hybrid used for 2- to 4-wire conversion han those used ,* 
analog exchanges because of the 4 wire switching nature of digital exchanges 

As one can ascertain, the digital exchange has been widely employed due to the fact that 10 
such exchanges can handle both analog and digital data, and furthermore by utilizing dlgitaf 
techniques many of the components of such systems can be integrated. An example of a 
widely employed digital communication system is designated as the ITT 12^0 dS| Exchange 

15 fo ?£l T„ T emP ' 0y 4 " Wire 'L" 85 Whereby two ,ines are used for transmission andlwo Jnes 
15 for recept.on In any event, a subscriber line is a 2-wire line. The lines are used to simukane- 15 
ously transmit and rece ve. Hence, in order to convert the 2-wire line to a 4-wire °ine Thybrid 

ZTf lT T hVbn ? t S * r l We " and have bee " described in many publications * 

See for example, our U.S. Patent No. 4.161,633 entitled SUBSCRIBER LINE/TRUNK CIRCUIT 

20 Lfen^T' Sh °T 3 !' t0 4 - Wire C ° nVerter ° r hybrid - The h V brid must be accurately 

J™ t eS P ec,a,,y whe " transmitting and receiving digital data. Basically, there have been two 20 
approaches to accurate balancing of the hybrid— one to select the best one out of M avTilaSe 

^zszzir™ subscriber ,ine * and the other ° ne to emp,oy - a -mats; ab,e 



2B io« Thit ca " ascerta,n ; the magnitude of the echo that a talker hears depends on the echo path 
t tI ? f th , 6 r6tUm ' OSS at the distant h V brid ^d the round trip loss in the 

the round trin H^I h t °l eCh ° dep6ndS ROt ° n,y ° n the echo magnitude but la on 

tSJ£Z?E?£!Z 5^ n ^^J^^°^. Si ^ al : "™ echos sound like 



<>;w n+AnA u..* i ■ i . "~ "'^ aiynai. immediate ecnos sound I ke 

sidetone. but longer delayed echoes are extremely disturbing. Hence, if the delay cannot be 

30 m d r. ed ' m and ' r ! tUm ,OSS 3t the hybrids is improved by impedance balancing, there Ts onJ one 
30 more commonly known way to make the echo tolerable. Thus, in certain conventional S 30 
niques. the echo magn.tude was decreased by increasing the electrical loss byxhexlS and the 

zs^%zsr occurs - This - of — reduces ^ts^sst 

oc n J" th f m Z B m ° dem a PP. roaches as indicated above, in order to select one out of M balancinc 
35 networks, the system engmeers must measure the subscriber line characteristic in order to make 35 
a decision as to which one to select. The use of the adaptive echo canceller was ama^veTn 
an'a^ti at . rt d ' d "u reqUire measure ment of the subscriber line characterise ^ anTit prodded 
an accurate balancing. However, it is extremely expensive due to the fact that it constitutes a 
40 Thf,«! V t e h y compl,cated circuit and °™ such circuit has to be included in each subscTbe Sne 

L^ rt Pr ° e T °k e,,m,natin 9 echos witb the use of the adaptive echo canceller provides 40 
satisfactory results but is an expensive way of implementation proviaes w 

The previously mentioned patent offers a solution which employs digital filters Therein anv 
reflected signals are eliminated by a digital filter and a digital subtraction technique > that is 
45 SX l em TTf UndS ; the - C °r°' ° f 3 micr °P^"or wherein the return signal ^conSously 
sianaTs wi^Tn 1 ^ of the , forward and ""urn signals to eliminate undesired reSn" 
signals which signals are primarily responsible for echoes 

..ni^ rd i n9,V ' ! hS PTeS t nt , invention seeks to P rovide a hy b «'d balancing scheme which is based 
upon a semi-automatic balancing approach. The concept of the approach is to select the best 

0 ZnSSL™ 3Vai,ab,e ba,8n r " etworks in a semi-automatic process. This approach obviaS 
hln^f ? measurement of the subscriber line characteristics. The implementation of M 

dTatornJSS^S ,S h aC h° h mpl !f, hed by em P ,0ying a Programmable digital filter referred to as a 
digital hybrid and which has M sets of filter coefficients 

filtl!!f mil k di9ita ' filters is e «remely well known. A description of the general design of such 
filters may be found in a test entitled DIGITAL PROCESSING OF SIGNALS B Gold and C Rader 
anTh^i a Hr Ubl,C , ati0n ' McGraw - Hi "' 196 9- Essentially, a digital filter empoys mu^ers adders 55 
I d n S delav e ' e ments to implement a given transfer function. The design of such fihers as 
A P ^Hi„' n elephone l,ne c,rcuits is well known as is the nature of the echo signaVs 
According to a first aspect of the invention there is provided a digital hybrid apparatus for use 
60 Une H C,r T employed in a di 9 ital switching network for connecting a n^J5SS£ to 
60 a far end subscriber, in which the near end subscriber provides a digital input stanal which SO 
InnTn 30 ' nterferin 9 echo si 9" al f ° r transmission to a^ connected far enSl S h far 
th. ™/t Pr ° V,deS 8 / ar 8nd di9ita ' inpUt Signal for rece P tion b V near end subscriber 
Inlino t h- i° mpr T n 9 * rst and se c°nd programmable coefficient digital filters each having 
fi* ™! ?T, Ch ' S ad x Pted t0 receive the far end di 9 ita ' signals, the outputs of which fihers are 
65 coupled to an input of an associated adder and another input of each adder is adapted to 65 
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receive the near end input signal, means for programming each of the filters with a different set 
of coefficients, logic means coupled to the output of the adders for comparing the average 
power output of each of the adders and means for selecting that filter and adder such that the 
set of coefficients provides the lowest value of average power. 
5 According to a second aspect of the invention there is provided a digital hybrid apparatus for 5 
use in a line circuit employed in a digital switching network for connecting a near end subscriber 
to a far end subscriber, in which the near end subscriber provides a digital input signal which 
undesirably contains an interfering echo signal for transmission to a connected far end subscriber 
which far end subscriber provides a far end digital input signal for reception by the near end 

10 subscriber, comprising a first programmable digital filter means having an input for receiving the 10 
far end digital signal, means for providing at an output a first filtered signal indicative of the 
interfering echo signal, a first adder having one input responsive to the near end digital input 
signal, and a second input coupled to the output of the first digital filter to provide at an output 
of the first adder a first signal indicative of the difference between the input signals, a second 

15 programmable digital filter means having an input for receiving the far end digital signal, means 15 
for providing at an output a second filtered signal indicative of the interfering echo signal, a 
second adder having one input responsive to the near end digital input signal and a second input 
coupled to the output of the second digital filter to provide at an output of the second adder a 
second signal indicative of the difference between the input signals, means for changing the 

20 coefficients, the means being coupled to the first and second programmable filters to program 20 
the coefficients associated with each of the filters, logic means coupled to the outputs of the 
first and second adders to compare the values of the first and second signals to select a set of 
coefficients from the first or second filter which provides the closest approximation to the echo 
signal, and means for programming the selected coefficients into one of the first or second 

25 filters. ^ r ^ . ^ u 25 

According to a third aspect of the invention there is provided a method of reducing the 
interfering effect of an echo signal generated by a connection between a near end subscriber 
and a far end subscriber in a digital switching system wherein the near end subscriber provides 
a digital input signal which contains the echo signal for transmission to the far end subscriber 

30 which far end subscriber provides a far end digital input signal for reception by the near end 30 
subscriber, the method comprising the steps of applying the far end digital input signal to the 
inputs of first and second programmable digital filters, summing each of the outputs of the first 
and second programmable filters with the near end digital signals, programming the first and 
second filters with a set of M different coefficients, comparing the summed outputs of the first 

35 filter with the second filter for each of the M coefficients, and selecting the summed output of 35 
the first or second filter which provides the lowest signal power level to select one of the M 
coefficients for one of the filters. 

In order that the invention and its various other preferred features may be understood more 
easily, an embodiment thereof will now be described, by way of example only, with reference to 

40 the drawing, the single figure of which is a block diagram of a digital hybrid apparatus embody- 40 
ing the principles of the present invention. 

The intention of the hybrid circuit is to cancel or reduce the echo signal as previously 
mentioned. This is particularly important in digital systems, as previously explained, and it is 
further desirable to reduce or cancel the echo signal without introducing additional attenuation 

45 between near end and far end subscribers. 45 
Referring to the drawing, an input terminal A receives an input signal from a near end talker or 
near end subscriber. The input signal from the near end subscriber is applied to one input of an 
adder 10. Another input to the adder 10 is obtained from a digital filter 1 1 which is a 
programmable filter. Programmable digital filters are well known in the art and are designated as 

50 programmable filters due to the fact that the filter coefficients or constants can be changed or 50 
programmed according to the desires of the user. 

Shown in the drawing is a memory module 20. The memory module, which may be part of 
the filter, serves to store filter coefficients for the programmable filter, such as filter 11, and to 
change the filter coefficients according to an instruction command or according to a digital word 

55 impressed upon the input of the filter. 55 
The output from the filter 1 1 is the echo signal designated as e(T). As can be seen from the 
drawing, the input signal at terminal A will have impressed thereon a signal which is the echo 
signal and which signal unduly interferes with the input signal according to the well known 
effects of the echo. The output from the adder 10 is impressed upon the input of an additional 

60 adder 12. The adder 12 has another input receiving a signal from a primary programmable digital 60 
filter 14. The digital filter 14, as indicated, is also programmable and has its coefficients applied 
to the filter from the memory 20. The inputs to digital filters 11 and 14 are derived from 
terminal B which is the digital input signal from the far end subscriber. 

A third programmable filter 15 is also shown and, is in parallel with filter 14. The digital filter 
65 15 is also programmable and is associated with an adder circuit 16. A first input to the adder 65 
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16 is from the output of adder 10. The second input is from the digital filter 15 The cutout 
X^omtVef i^" 6 * * *" ^ ° f * deCiS '° n ^ C ™ d «« 25 which als^ece^the 
The output of adder 12 is the digitaf output signal at the transmit side of the line which is thP 
signal emanat.ng and due to the primary hybrid filter 14. Each filter is designated by a genera 5 
ransfer charactenstic such as filter 1 1 H„(f), filter 14 H A (f) and filter H B (f). As will be exDlaS 
he .circuit functions such that the decision logic 25 selects the filter coefficient fo the oTmfrv 

Secision* Sc 25a^ T :X:T d COefficie " tS redUCe the eCh ° si 9 nal ln a " optimum ZanL? ™? 
SLr? i? 9 i i« P t* X Z mon,tor the outputs of filter 14 and filtw 15 as applied via the 
acS error s?gna, ' determinS WWCh fitor Pr ° VideS the C '° sest ^Proximmion to the 10 

nri™~ ^TYT 9 thfe ' tHe d6Cision ,oglc then causes those coefficients to be used in the 
primary filter 14 for processing of the signal and to substantially reduce echo interference As 

df^ TK draW,n9 ; thS Vari °V S S, ' 9na,S at Pertinent P° inte in the «*«* are indica^d Sn iht 
diagram. The operafng principle of the components shown in the drawing is as fo Hows The 1 5 

description given below is a mathematical analysis of the operation of the structure shown in the 
draw.ng where the relat.onships as designated in the drawing are given as follows? 

V Rx(nT): Digital input signal from the far-end 
20 taker 

VTx(nT): Digital output signal at the transmit 20 

side right after the primary hybrid filter HJ1) 
e(T): Echo signal 

V S (T): Input signal from the near-end talker 
25 e(nT): Digital echo estimate from H A (f) 

V'txOiT), e'(nT): Digital output signal and echo 25 
estimate with the secondary hybrid filter H a (f) 



10 



15 



30 



35 



The signal V T X is then given by: 

V TX (nT) = V,(nT) + (e(nT - S(nT)) 30 
-V. (nT)+r(nT) 

oht^Il ^ P ^ Sent f K h ! • r f SidUal 6Cho Si9nal (or ' in other words < tr >e leakage of V BX ( nT ) The 
possiWe 9 V d ' S t0 Pr ° dUCe 3n ech ° esti ™te, e(nT), as close to e(T) as 35 

In this manner the adder 12, which is a subtractive adder, subtracts the echo sianal develop 
at the output of filter 14 from the signal applied to the input of the adder ?2 and hence 

40 1^.^^T1 »d^'^H a ^^ S,nM V ' (OT) 3nd V - (nT » are two dependent 

Smi^^^S % 'L^by ^ ' S ^ C ° rre ' ati ° n b " w " n ^ Consequently. 40 

45 Hence, the optimum choice of the hybrid coefficients set can be made be selectinq one which 4«5 

In an°,H ^ ^ 3t ** tranSrYlit side < since V - 2 is «* effected by th choice 

HirLtio ? P 6 a PP roac 3 h ' tne coefficients of the digital hybrid are continuously updated in a 
direction to mm.mize V TX * through the computation of a gradient vector composed of L cross 
50 r r b h etween | . the transmit signal and time-delayed receive signals appearing at I L fiS 
bO taps. But in this application, instead of updating individual filter coefficients the circuit simotv RO 

toTeTec? wrthTNsVd r rcT ti o:°t h different S6tS ° f Coefficients and 9-ves an indicat'n of vS one 50 
HfSrf Vh . < <nd.cation. the superv.s.ng software can maintain the set of coefficients 
selected thus far ,n the pnmary hybrid filter and continue the comparison by loading a new set 
^ of coeffic.ents m the second hybrid filter until it exhausts M prescribed coefficient sets 

Decision Logic 55 
lev°etete°gSen V byr T) * ^ "* ^ respective, V< the corresponding average signal power 
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where N is the number of samples to average over. The selection algorithm for the new digital 
hybrid is then given as follows: 

Select H B (f) if (P-PO/P^id where d is a fixed threshold level (d>:o). Otherwise, select H A (f). 

Now let us consider one way to implement the above selection algorithm. Note that 

(P— PO/P^d is equivalent to: 

P-P'>d P 

(1-d)P-P'^0 

N-1 

Z [Vl-d y(n)+/(n)][Vl-d y(n)-y'(n)]>0 

n=0 



for d<<1, Vl-d 1-1/2d 

The above expression is again equivalent to 

N-1 

Z [y(n)-1/2d.y(n)-hy'(n)][y(n)-1/2d.y(n)-.. 
n=0 

y'(n>]>0 

By constraining d to be of the form 2\ it finally becomes: 



35 N-1 



£ [y(n)-2- (k * l > y (n) + y'(n)] [y(n)-2 * • » 
n=0 
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55 



y(n)-y'(n)]^0 

Like adaptive echo cancellers, the semi-automatic digital hybrid depends on the incoming 
speech signal in making a binary selection decision. The above comparison is therefore valid only 
if the "quality" of the incoming signal exceeds a certain threshold level. For example, the best 
signal to be expected for the selection purpose is a white noise and the worst a single tone. 
Furthermore, the incoming signal should not be corrupted by the signal or noise from the near- 
end talker side. 



On denoting: 
u = (1/N) 



N-1 
n=0 



u = max 
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is given affoilowf *" C ° mpariSOn between the P rimar V «"d secondary hybrid filters 

(i) check for minimum level: u>u 0 

(h) check for signal bandwidth: u p >:A1 u 
5 (iii) check for double talking: v<A 2 u 

where u^1 and X2 are threshold parameters. Initially. A1 and X2 may be set to two and one 

Having made the comparison and checked the validity of the incoming signal, the decision 
logic g.ves an indication of one of the following three states- 

10 J2JS te P: Com P arison complete; update the poefficients of the primary filter with those of the 10 
secon^jory ^)ne. 

(ii) State N. Comparison complete; no updating needed. 

State 2: Comparison incomplete; wait until comparison is completed 

1R J^UZZS? th °- 3bOVe ' decision lo 9 ic is a relatively simple circuit which can be 

15 ea&rty ^iplernentod by a microprocessor. The format to be followed based on the above can be 15 
implemented by many software programs within the scope of those skilled in the art 
Eswrmatty. tho decision logic circuit 25 operates as follows. The decision logic circuit com- 

EE? £ ° UtpUt fr T adder 16 with the out P ut s^nal from adder 12. If the signal from 

, n addcr ' 6 ' s t 97«er than the signal from adder 12. it will then command the memory 20 to load 
20 he next sot of coefficients into filter 15. This essentially is the operation described in conjunc- 20 

IT,T? h rt S l a,e P Jlf'f. e N , there J S n ° Updati " 9 required which means tn * after comparison, 
the output from adder 12 is less than the output from adder 16 which means that the 

coorfioonts in filter 14 ore closer to the desired values than the coefficients in filter 15 Hence 

during State IM, a now state of coefficients is again loaded into filter 15. In the State Zthe 

2.5 comparison is ^complete and hence the system does not change filter coefficients until a 25 
comparison is complete. 

After the complete set of coefficients, as stored in memory 20. has been exhausted the 
decision logic instructs the memory module 20 to insert those coefficients in filter 14 which 
Tesu }}. V ,ho towest ech ° signal. The system operates on a realtime basis, and hence the 

30 coefficients are constantly being changed whereby the filter 14 will always have impressed 30 
thereon the optimum set of coefficients based on the particular signal received 

The above noted checks regarding level bandwidth and double talking, as above indicated are 
also implemented by the decision logic circuit which again, as indicated, may be a software' 
program which essentially solves the above noted equations. 

35 As seen, the decision logic has impressed upon inputs the digital input signal from the far end 35 
subscriber as well as the digital output signal from the near end subscriber 

Hence tho above noted equations can be solved based on the conditions specified above 
Therefore, the above comparison is valid due to the fact that the decision logic circuit 25 checks 
the validity the incoming signal before indicating one of the three possible states 

40 The .mproved digital hybrid consists of two identical digital filter blocks, each of which is 40 
programmable and each of which interfaces with a decision logic block. The filter blocks are 
loaded with two different sets of hybrid coefficients and the decision logic will provide an 
indication of which filter to select. This feature enables the supervising software to select the 
ic S fn ^J** ~rt y available coefficient sets under normal operating conditions as when a call 

45 is in progress. The decision og.c operates to compare the two sets of coefficients at a time 45 
and, as will be expalmed. selects the best set of coefficients and uses that set to specify the 
characteristics of the programmable filter. *h™>v me 

CLAIMS 

50 fJ'n n tS tal Hvbrid 8p P Bra 2 ,s for use in a ,ine circu * employed in a digital switching network 50 
for connecting a near end subscriber to a far end subscriber, in which the near end subscriber 
provides a digital input signal which contains an interfering echo signal for transmission to a 
connected far end subscriber which far end subscriber provides a far end digital input signal for 
reception by the. near end subscriber, the apparatus comprising first and second programmable 

55 coefficient digital filters each having one input which is adapted to receive the far end digital 55 
S oV °* ™ hich fi |ters are coup,ed to an input of an associated adder and another 

input of each adder is adapted to receive the near end input signal, means for programming 
each of the filters with a different set of coefficients, logic means coupled to the output of the 

ro f ha tf r L ' C w mP £ rin9 th t a u era 2 e P ° Wer ° utput of each of tne adders and means for selecting 
60 that filter and adder such that the set of coefficients provides the lowest value of average 
power. a 
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2. An apparatus as claimed in claim 1, wherein the filter programming means includes a 
memory for storing therein a set of M filter coefficients of the filters 

3 An apparatus as claimed in claim 1 or 2, wherein one of the adders is used to connect to 
the far end subscriber. 
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4. An apparatus as claimed in claim 3, wherein the filter associated with the other adder is 
programmed with the M coefficients, the logic means including means for transferring the 
selected coefficients to the other filter associated with said one of the adders. 

5. a digital hybrid apparatus for use in a line circuit employed in a digital switching network 

5 for connecting a near end subscriber to a far end subscriber, in which the near end subscriber 5 
provides a digital input signal which undesirably contains an interfering echo signal for transmis- 
sion to a connected far end subscriber which far end subscriber provides a far end digital input 
signal for reception by the near end subscriber, comprising a first programmable digital filter 
means having an Input for receiving the far end digital signal, means for providing at an output a 

10 first filtered signal indicative of the interfering echo signal, a first adder having one input 10 
responsive to the near end digital input signal, and a second input coupled to the output of the 
first digital filter to provide at an output of the first adder a first signal indicative of the 
difference between the input signals, a second programmable digital filter means having an input 
for receiving the far end digital signal, means for providing at an output a second filtered signal 

15 indicative of the interfering echo signal, a second adder having one input responsive to the near 15 
end digital input signal and a second input coupled to the output of the second digital filter to 
provide at an output of the second adder a second signal indicative of the difference between 
the input signals, means for changing the coefficients, the means being coupled to the first and 
second programmable filters to program the coefficients associated with each of the filters, logic 

20 means coupled to the outputs of the first and second adders to compare the values of the first 20 
and second signals to select a set of coefficients from the first or second filter which provides 
the closest approximation to the echo signal, and means for programming the selected coeffici- 
ents into one of the first or second filters. 

6. An apparatus as claimed in claim 5, wherein the coefficient changing means comprises a 

25 memory having stored therein a set of coefficients for each of the first and second filters. 25 

7. An apparatus as claimed in claim 5 or 6, wherein the logic means is operative to compare 
the effective power of the first and second signals to select the coefficients according to the 
minimum power level contained in the first and second signals. 

8. An apparatus as claimed in any one of claims 5 to 7, wherein the selected coefficients are 

30 programmed into the first filter in accordance with the output of the first adder coupled to the 30 
far end subscriber. 

9. An apparatus as claimed in any one of claims 1 to 4 or 8, wherein the comparison of 
power is implemented according to the following relationship: 

35 p-pip^d 35 

where 

p= average power from signal at output of a first adder; 
p'^ average power from signal at output of a second adder; and 
40 d=a threshold level greater than zero. 40 

10. A digital hybrid apparatus substantially as described herein with reference to the drawing. 

11. a method of reducing the interfering effect of an echo signal generated by a connection 
between a near end subscriber and a far end subscriber in a digital switching system wherein 
the near end subscriber provides a digital input signal which contains the echo signal transmis- 

45 sion to the far end subscriber which far end subscriber provides a far end digital input signal for 45 
reception by the near end subscriber, the method comprising the steps of applying the far end 
digital input signal to the inputs first and second programmable digital filters, summing each of 
the outputs of the first and second programmable filters with the near end digital signals, 
programming the first and second filters with a set of M different coefficients, comparing the 

50 summed outputs of the first filter with the second filter for each of the M coefficients, and 50 
selecting the summed output of the first or second filter which provides the lowest signal power 
level to select one of the M coefficients for one of the filters. 

12. A method as claimed in claim 1 1, wherein the step of comparing the outputs of the first 
and second filters includes the step of calculating the power output of the first and second 

55 summed signals, comparing the power levels according to:- 55 

where 

60 p = power level of the first summed signal, 60 
p'=power level of the second summed signal, 

d=threshold constant greater than zero, and selecting the lower of said power levels to 
specify said first or second filter coefficients. 

13. A method as claimed in claim 12, including the steps of first checking the far end input 

65 signal for level according to whether u>u a based on the following relationship: 65 
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(l/N) 



it 

n=0 



V^CnT) 



wherein N is a positive integer greater than one. 

14 * A method as claimed in claim 13, including the step of checking the signal bandwidth 
10 according to whether u p >A,u based on the following relationship: 



Up = max 



15 



0^n £N-1 



V RX< nT > 



where A1=a positive integer. 
™ A method as claime d in claim 14, including the step of further checking for double 

20 talking according to whether v<:A2 u based on the following relationship: 



25 



(1/N) 



N-l 

r 

n=0 



V TX (nT) 



wherein 
A2=a positive integer. 

30 16. A method of reducing the effect of an echo signal in a digital switching system substan- 
tially as descnbed herein. 
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